In this work it was studied th e polyunsaturated fatty acids (PUFAs) production, especially DHA, from Thraustochytrium sp. ATCC 26185, under different total nitrogen (TN) availability. Three different TN conditions were evaluated: two with initial concentrations of 2.4 g/L and 0.8 g/L, and the third in a fed-batch process with a rate of 0.009 g/L.h. For each experiment the biomass, glucose, TN and PUFAs were determined. The major composition of the PUFAs in Thraustochytrium sp. ATCC 26185 cell biomass were DPA ω6 (21-25 %) and DHA (69-73 %), regardless of the type and time of culture. The maximum cell concentration (30.2 g/L) was obtained using 2.4 g/L TN in 168 h of culture. With this same concentration of TN it was possible to produce the highest concentration of DHA (1.16 g/L) in 120 h of culture, demonstrating that the growth of Thraustochytrium sp. ATCC 26185 and yield of PUFAs are dependent on the source concentration of TN available for consumption of this oleaginous microorganism, as well as culture time.
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INTRODUCTION
Polyunsaturated fatty acids (PUFAs) are among the nutrients of greatest interest because of their benefi cial health effects and for their wide application in food and pharmaceutical products (SIJTSMA and SWAAF, 2004) . In the human organism they are important for the reproductive, and immune system, in maintenance of cell membranes and the generation of prostaglandins (substances regulating infl ammatory processes and blood coagulation). Additionally, PUFAs of ω3 and ω6 family reduce levels of low-density lipoprotein (LDL) or bad cholesterol because they modify the composition of cell membranes and lipoproteins, besides inducing increased fecal excretion of cholesterol and bile (RUXTON et al., 2005) .
Among the PUFAs, docosahexaenoic acid (DHA, C22:6 ω3) and docosapentaenoic acid (DPA, C22:5 ω6) have noted importance for human cells. Clinical and epidemiological studies have indicated the DHA as the major part of the phospholipid membrane in the central nervous system cells, and is also found in high concentrations in the retina (22 to 33 % of total fatty acids) (DAS and FAMS, 2003; SILVA, MIRANDA-JÚNIOR and SOARES, 2007). Therefore, this fatty acid is essential for brain and visual development. The ω6 (DPA) is important for human health, as it prevents the onset of various diseases, such as cardiovascular accidents (myocardial infarction, thrombosis, atherosclerosis), diabetes, infl ammation and rheumatism (arthritis, osteoporosis, asthma) (NAUROTH et al., 2010) .
The main commercial sources of PUFAs, especially of DHA are oils of marine fi sh. However, its widespread use is limited for seasonal fi shing variations, sea pollution and the high cost to process, extract and purify the oil (JIANG et al., 2004) . Alternatively, some heterotrophic microorganisms can produce PUFAs in controlled environment. It removes the dependency on climatic and seasonal variables, keeping the production during the all year and reducing the cost of production (SWAAF, SIJTSMA and PRONK, 2003) . Among these microorganisms, the oleaginous group Thraustochytrids is highlighted, since they can accumulate over 50 % of their weight as lipids, from which more than 25 % can be DHA (RAGHUKUMAR, 2008) .
The lipid accumulation in oleaginous microorganisms normally occurs when the medium has a carbon source excess and limited amount of nitrogen. Thus, when the microorganism multiplies, the nitrogen source is rapidly exhausted, but it continues assimilating the carbon source that is channeled directly to the synthesis of lipids (RATLEDGE and WYNN, 2002) . However, culture conditions involving low concentration of nitrogen decrease the cell growth reducing lipids and DHA yield (SHENE et al., 2010) .
This study aimed to investigate the effect of total nitrogen concentration and culture conditions of the microorganism Thraustochytrium sp. ATCC 26185 for the production of PUFAs, especially DHA.
MATERIAL AND METHODS
MICROORGANISM
The Thraustochytrium sp. ATCC 26185 strain used in this study was obtained from American Type Culture Collection (Manassas, VA, USA).
PREPARATION OF INOCULUM
Cells from the microorganism Thraustochytrium sp. ATCC 26185 stored at 4 °C in potato dextrose agar were transferred to 500 mL fl asks containing 100 mL medium composed (g/L) of: yeast extract The experiments were conducted at 23 °C with agitation of 100 rpm and pH 6.0, adjusted with NaOH (4 N). In the fi rst 96 h of culture the dissolved oxygen concentration in the medium was maintained at 5 % saturation, controlled by aeration (0-2.5 vvm), followed by injection of 0.25 vvm pure oxygen. After this period, injections of air and oxygen were discontinued.
DETERMINATION OF THE BIOMASS CONTENT
The cell concentration was determined according to Min et al. (2012) with modifi cations at intervals of 24 h, fi ltering an aliquot of the culture medium on fi lter paper with glass microfi ber (GF/C: 1.2 μm, Whatman) previously weighed. The biomass in the microfi ber layer was washed twice with distilled water and dried at 60 °C in an oven (Memmert) for 24 h. The biomass content was determined by difference between initial and fi nal weight.
DETERMINATION OF GLUCOSE
Sugars were measured in the culture supernatant at 24 h intervals by spectrophotometric method proposed by Miller (1959) using Uv/Vis dual beam absorption spectrophotometer (Ati Unicam Helios, Alpha, UK).
DETERMINATION OF TOTAL NITROGEN
The quantifi cation of the total nitrogen content (defi ned and complex sources) was performed at intervals of 24 h, in the supernatants of the cultures, according to the procedure by Furlan et al. (2012) .
DETERMINATION OF FATTY ACIDS PROFILE
Samples of the culture collected at intervals of 24 hours, were centrifuged (Kubota, 6800) at 8742 g for 15 min at 4 °C, and the biomass washed with distilled water and centrifuged again. This process was repeated twice. The biomass was frozen at -20 °C and dry for 48 h in a lyophilizer (Heto, Power Dry LL 3000).
Lyophilized cell biomass between 20 and 100 mg was weighed and added to 50 μL of internal standard solution C23:0 (50 mg/mL) in order to express the results in g of fatty acid/g of biomass lyophilized. The methyl esters of fatty acids were prepared by esterifi cation by acid catalysis using the method of Lepage and Roy (1986) Results were subjected to analysis of variance (ANOVA) and signifi cant differences were identifi ed by comparing the average level of 5 % signifi cance. Before performing ANOVA it was necessary to check if the values were normal (Kolmogorov-Smirnov test) and homoscedastic (Cochran test) (TRIOLA, 2008). (Figures 2 and 3) were about half of the quantifi ed amount in the experiment using 2.4 g/L TN at the same time (Figure 1) .
RESULTS AND DISCUSSION
KINETICS OF GROWTH, GLUCOSE CONSUMPTION AND TOTAL NITROGEN
In Figure 3 , is also possible to see an accumulation of TN along the cultivation time, since the TN input (fed-batch) was greater than the amount required for the cell development and maintenance.
The fed-batch cultivation consumed approximately the same amounts of substrate (0.12 g/L.h of glucose and 0.003 g/L.h of nitrogen) as the cultivation with inital total nitrogen 0.8 g/L (0.13 g/L.h of glucose and 0.002 g/L.h of nitrogen). However, its conversion effi ciency in cellular biomass, 0.05 g/L.h, was different from experiment with 0.8 g/L TN, 0.11 g/L.h. Possibly this occurred because part of the nutrients have been used only for cellular maintenance and not for favoring cell multiplication. It is noteworthy that the time required for cell replication tg = 24.8 h in the fed-batch experiment was superior to 7.4 h observed when using 0.8 g/L TN at the cultivation starts. 
FATTY ACID PROFILE
ATCC 26185. TN: TOTAL NITROGEN
PUFAs (mg/g):
The Figure 5 shows the fatty acid profi le for each experiment in periods where the highest yields were achieved in PUFAs (g/L). Evaluating the experiment with initial TN concentration of 2.4 g/L at 120 h of culture, it was observed that 10.5 % (w/w) of cell biomass were PUFAs, with 21 % of these being DPA ω6 ( Figure  5 ) that is 2.2 % of the total biomass (0.35 g/L). It can also be seen that 69 % of PUFAs were DHA ( Figure 5) , that is 7.3 % of biomass (1.16 g/L). At 144 hours, in the cultivation that employed 0.8 g/L of initial TN, 6.5 % (w/w) of cell biomass was composed of PUFAs, and 25 % was DPA ω6 (Figure 5 ) that is 1.6 % biomass content (0.23 g/L). Also it was observed that 73 % of DHA was PUFAs ( Figure  5 ) or 4.7 % of the total biomass (0.68 g/L). While in the fed-batch culture, 0.009 g/L.h TN at 96 hours, 11.6 % (w/w) of the biomass consisted of PUFAs, 21 % of these were DPA ω6 ( Figure 5 ) or 2.5 % of the total biomass (0.14 g/L). It can also be seen that 73 % of DHA was PUFAs ( Figure 5 ) or 8.4 % of the total biomass (0.47 g/L).
In this study, among the fatty acids a high contents of C15:0 (21-35 %) and C16:0 (5-33 %), which are saturated, were found ( Figure 5 ). The presence of fatty acid C15:0 in lipids produced by strains of Thraustochytrids has also been reported by other authors (KAMLANGDEE and FAN, 2003;  CHANG et al., 2011) . These results show the importance of propionate in the metabolic pathway of this microorganism (VLAEMINCK et al., 2006) .
DHA was the predominant PUFA, ranging from 20 to 31.5 % of total fatty acids ( Figure 5 ). Similar results were observed in the study by Scott et al. (2011) , where the content of C16:0 was 33 % and DHA 36 %, relative to the total fatty acids, using Thraustochytrium sp. ONC-T18 after 5 days of cultivation. These authors also observed that DHA and DPA ω6 were the main PUFAs detected, as in the present study ( Figure 5 ).
Observing the major fatty acids which form the PUFAs biomass, irrespective of the type and culture time, distribution of DPA ω6 (21-25 %) was approximated as well as that of DHA (69-73 %) with little variation ( Figure 5 ).
The main comercial sources of PUFAs are species of fatty fi sh, such as herring, mackerel, salmon and sardines. Morais (2000) , examined the lipid profi le of sardine oil, and found that 31.1 % of fatty acids present were PUFAs with DHA content correspondent to 11 % of total fatty acids.
The strain used in this study showed higher concentrations of PUFAs (27-44 %) than the sardine oil (31.1 %) evaluate by Morais (2000) , and the DHA concentration (20-31.5 %) produced by oleaginous microorganism was 2 to 3 times higher than the one found in the sardines oil (11%).
Cultivation of Thraustochytrium sp. 26185 to obtain oils rich in PUFAs is a promising alternative, because the use of fi sh on a large-scale is limited due to seasonal variations and the composition of the lipid content and fatty acids in fi sh varies according to species, sex, size, reproductive cycle, season, catch location, diet and nutritional status (GONÇALVES, 2011). In addition, the fi sh oil presents a great diversity of fatty acids with different chain lengths and degree of unsaturation, requiring an expensive process of extraction and purifi cation (JIANG et al., 2004) .
The fed-batch process experiment accumulated greater amounts of PUFAs (11.6 %) in relation to cell weight than other cultivations. This accumulation can be due to the low content of nitrogen supply over time. According to Shene et al. (2010) , a limited amount of substrate favors the accumulation of lipids by oleaginous microorganisms. Ganuza and Izquierdo (2007) observed that the greatest accumulation of fatty acids in the biomass of Schizochytrium sp. G13/2S were between 28-30 % (w/w), employing low concentrations of monosodium glutamate (2-4 g/L) as nitrogen source and when this concentration was increased to 6 g/L, production of fatty acids decreased, because the cells accumulated nitrogen compounds. However, cultivation in fed-batch process had lower DHA (0.47 g/L) and DPA ω6 (0.14 g/L) yields, due to lower cell concentration (5.6 g/L) obtained when compared to that of cultivations which used 2.4 g/L TN (15.9 g/L biomass) and 0.8 g/L TN (14.5 g/L of biomass). The production of fatty acids such as DPA ω6 and DHA is dependent on accumulation of PUFAs, as well as the accumulation of lipid in the biomass. Thus, the yield of fatty acids is also related to the cellular concentration of microorganism at a given time. According to Shene et al. 
CONCLUSION
The highest content of cell biomass (30.2 g/L) was obtained using 2.4 g/L of total nitrogen at 168 h of cultivation.
The majority of PUFAs found in biomass of Thraustochytrium sp. ATCC 26185 were DPA ω6 (21-25 %) and DHA (69-73 %), whose percentages did not show large variations with different growth conditions studied.
The highest yield of PUFAs (1.68 g/L) obtained from Thraustochytrium sp. ATCC 26185 was after 120 h of cultivation, giving 2.4 g/L of total nitrogen in a batch process. Under the same conditions, the highest concentrations of DHA (1.16 g/L) and DPA ω6 (0.35 g/L) were recorded.
This study showed that the growth of Thraustochytrium sp. ATCC 26185 and production of PUFAs, especially DHA are dependent on the concentration of the nitrogen source available for the consumption of this oleaginous microorganism, as well as cultivation time. Therefore, parameters such as medium composition and environmental factors should be considered to increase production of PUFAs. 
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